In India a large number of pharmaceutical industries are manufacturing drugs of complex type subsequently producing huge quantities of wastewaters. The herbal pharmaceutical industries are one of them which manufacture various herbal medicines from natural products and certain chemicals and metal combinations. During their manufacturing process a large number of toxicants enter the watercourse harming the biota of the receiving water bodies.
INTRODUCTION
Environmental contaminants have toxic effects on aquatic organisms and affect the natural aquatic communities and ecosystems at large. The problem of contaminants affecting aquatic ecosystems is very complex today and there is a need to monitor and mitigate their impacts. In the past few decades industrial and domestic effluent toxicity evaluation has become necessary in view of their eco-toxicological effects. Industrial and domestic effluents are the main source of direct and continuous pollution factors in the aquatic environment. Effluents with different organic, inorganic, and toxic constituents have direct impact on the aquatic life and have high ecological relevance.
Among varied industrial effluents, herbal pharmaceutical industry occupies an important place due to its high toxic nature. According to World Health Organization (WHO) world population as high as 80%, relies on traditional medicines. Herbal pharmaceuticals have gained enough popularity in recent times due to their minimal side effects, low cost, safety, efficacy and cultural acceptability as compared to allopathic medicines (Rajshekharan 2002) .
During the manufacture of herbal medicines, a huge quantity of water is required for different processes like crushing, washing, mixing, extraction, fermentation, distillation etc. Apart from the above processes water is also required for washing of medicinal plants to remove dust, soil, pesticides and microbial contamination (Vanerkar et al. 2002) . Herbal pharmaceutical wastewater has high chemical oxidation demand (COD) and biochemical oxygen demand (BOD) and hence cannot be discharged into inland surface water bodies without proper treatment. This wastewater damages the flora and fauna of that particular region where it is discharged. Toxicity of herbal wastewater may be due to the presence of many plant alkaloids, like nimbin, nimbidin, cedin, morphine and also formaldehyde which are present in neem plant (Azadirachta indica). Many parts of this tree like the fruits, nuts, leaves and barks are used in herbal medicine preparation. Apart from alkaloids many chemicals, like sugar, gelatin, alcohol, organic solvents, clays, salts and special trace metals and edible oils are also used for formulation. Trace quantities of these substances find their way in to the wastewater. Herbal pharmaceutical wastewater depletes the oxygen content of the receiving water and also decomposes faster. Organic and inorganic constituents along with trace metals present in the effluent have direct impact on the aquatic life. In general to evaluate the wastewater toxicity, fish bioassays are carried out. In recent years apart from fish bioassays more stress is being given to zooplankton assay. Zooplanktons are highly sensitive to pollution stress and many species of protozoa, rotifera and cladocera are known biological indicators of water quality of rivers and receiving water bodies like lakes and ponds (Katalin 1995) . The plankton population represents the indices of health and productivity of an aquatic ecosystem (Hutchinson 1967; Battish 1992) . Zooplankton constitutes the base of aquatic food chain and fish thrive on them for their food.
Among the toxicity responses of zooplankton the test for lethality has been measured most frequently since they are simple to include in monitoring programme and regulatory tests for compliance of discharge standards. The test may vary greatly in objectives, duration and desired toxicity ranges between 30 seconds to 4 days and are regarded as very important tests, while chronic toxicity tests with zooplankton varies from few days to several weeks.
Toxicity studies on various zooplanktons are reported in literature (Winner and Farrell 1976; Mani & Konar 1984; Sweet & Meier 1997; Ghosh & Konar 1980; Ruparelia et al. 1995; Onuoha et al. 1996; Pablo et al. 1997) . But specific studies related to herbal pharmaceutical wastewater with respect to freshwater zooplankton, Cypris spp. is lacking. Considering this aspect, it was envisaged to evaluate the toxicity of raw, neutralized and physico-chemically treated effluent of an herbal pharmaceutical industry to a freshwater crustacean Cypris spp.
MATERIALS AND METHODS
The freshwater crustacean Cypris spp. needed for the experimental work was collected from a local freshwater lake, as a mixed culture. The mixed culture was kept in a one-litre glass jar using filtered lake water for 4-5 hours. The sample was observed for various species in a petridish and desired species of Cypris was isolated using a pasteur pipette. The Cypris was then kept in a one-litre glass jar using culture medium. The culture medium was prepared using cow dung (5 g), garden soil (25 g) and was made up to one liter using filtered lake water. The culture medium was thoroughly mixed and allowed to stand for 2 days and then was strained through a plankton cloth. The filtrate was allowed to stand for seven days and settled sediment was discarded. Final culture media was prepared by diluting one part of filtrate with 6-8 parts of tap water (Standard Methods 1998) .
Mass culturing of Cypris spp. was carried out as per the literature (Dekruijf et al. 1988; UNEP 1992) in a 3 litre wide mouth glass jar filled with two litres of the prepared culture media and 5-8 adult Cypris were introduced using a fine micropipette/ pasteur pipette. Within a period of eight to ten days, large number of Cypris spp. of uniform size was obtained for experimental work. They were fed regularly with culture of green alga Scenedesmus species having a concentration of 25000 cells/mL twice daily.
Raw herbal wastewater samples were collected from a herbal medicine manufacturing unit located at Nagpur, India on hourly basis for 24 hours and composited. Raw wastewater being acidic in nature with a pH in the range of 3.6-4.0 needed neutralization. Lime was used for neutralization and an amount of 4.0 g/l of lime was required. After neutralization the wastewater was subjected to physico-chemical treatment using conventional coagulants like lime, alum, ferric chloride and ferrous sulphate. To get optimised removals, few polyelectrolytes were also tried. Combination of coagulant and polyelectrolyte selected was based on maximum COD/ BOD/suspended solids (SS) removals and it was alum: polyelectrolyte dose i.e. 300 mg/L: 0.25 mg/L.
Detail characterization of raw, neutralized and physicochemically treated effluents was carried out as per the Standard Methods and the results are indicated in Table 1 . Dilution water required for bioassay studies was prepared by dechlorination of tap water, aerated for 24 hours. Characteristics of dilution water are shown in Table 2 .
Experiments were carried out in 250 ml glass beakers using different concentrations of wastewater and a total of ten Cypris spp. were introduced in each beaker. For every wastewater, experiments were carried out in triplicate, using control at ambient temperature. Acute static bioassay tests were performed for forty eight hours and mortality was observed every 12 hours interval and noted. Wastewater concentration used were in the range of 2.6-6.2% for raw, 4.2-10% for neutralized wastewater and 8-23% for physico-chemically treated effluent.
Death was ascertained when the organism failed to respond to gentle prodding and showed no movements for a longer time, settling at the bottom subsequently. Lethal concentration causing 50% mortality (LC 50 ) and No observed effect concentration (NOEC) values were recorded at the conclusion of experiments for all the wastewaters. Results obtained were subjected to statistical evaluation and slope function and regression were calculated. LC 50 and 95% confidence levels were calculated graphically as per literature (Litehfield & Wilcoxon 1949) .
RESULTS AND DISCUSSION
Freshwater crustacean Cypris spp. was exposed to raw, neutralized and physico-chemically treated herbal pharmaceutical effluents. Test organism Cypris spp. exhibited different degrees of susceptibility to the various wastewaters. However LC 50 values still provide information for gross comparison of toxicity of the pollutant to the test organism Cypris.
During the acute toxicity test, movements of Cypris were found to be restricted. Body of the Cypris showed marginal shrinkage in size, which may be due to the effect of wastewater (both raw and neutralized). Physico-chemically treated herbal pharmaceutical wastewater depicted lesser toxicity compared to raw and neutralized wastewater. Results show that physico-chemical treatment has reduced the pollution level considerably, while simple neutralization removed the pollutants marginally. The Table 3 indicates LC 50 values, No Observed Effect Concentration (NOEC), confidence interval, slope function and regression values for 12, 24, 36 and 48 hours exposure with respect to raw, neutralized and physicochemically treated wastewaters.
It is very evident from the results that the wastewater needs proper treatment either by physico-chemical or biological methods. Considering the above fact, the neutralized wastewater was further subjected to physico-chemical treatment to reduce the pollutant toxicity. Utility of conventional coagulants like lime, alum, ferrous sulphate and ferric sulphate along with cationic polymer (Oxyllock FLII) were studied (Vanerkar et al. 2005) . Effluent from optimum combination of alum and cationic polymer of 300:0.25 mg/L dose was selected for the toxicity evaluation studies. Toxicity evaluation was carried out using this effluent on Cypris. The results showed considerable reduction in toxicity. Though the physico-chemical treatment reduced the toxicity to a certain limit, it still was not suitable for discharge due to high COD, BOD and SS concentration. Physico-chemically treated herbal wastewater depicted LC 50 values of 20%, 18%, 12% and 10% with respect to 12, 24, 36 and 48 hours exposure, respectively. LC 50 values for raw wastewater were found to be 5.2%, 4.8%, 4.2% and 3.6% with respect to 12, 24, 36 and 48 hours respectively. Neutralised wastewater showed LC 50 values of 8.4%, 7.8%, 6.6% and 5.2% with respect to 12, 24, 36 and 48 hours exposure indicating marginal reduction in toxicity of neutralized wastewater compared to raw wastewater.
Results show that the herbal pharmaceutical wastewater though highly biodegradable and herbal in nature but is found to be toxic to aquatic fauna. Hence this wastewater needs secondary treatment before its discharge. Being herbal in nature this wastewater toxicity was never taken seriously. It is very evident from the results that herbal pharmaceutical wastewater is toxic to aquatic organisms and needs complete treatment prior to its discharge in inland surface waters. Toxicity evaluation studies would help the industry management to take necessary pollution control measures before effluent discharge into the natural streams. This would also help in minimizing many eco-toxicological problems.
CONCLUSIONS
Results obtained from the toxicity studies indicated that the herbal pharmaceutical wastewaters at both raw and neutralized levels are highly toxic to fresh water crustacean Cypris spp., while physico-chemical treatment reduced its toxicity appreciably. It can be inferred from the studies that this herbal pharmaceutical wastewater needs further secondary treatment; following physico-chemical treatment to reduce its toxicity, Cypris spp. is very sensitive to toxic pollutants. They represent the index of health and productivity of an aquatic ecosystem. Cypris also constitute the base of aquatic food chain. Since most of the macro fauna thrive on plankton particularly zooplankton for their food needs, proper management of wastewater discharge is a must. Zooplankton represents the quality of water body in which they thrive. Zooplankton organisms are significant link in aquatic food chain and play a major role in ecology as the aquatic population particularly fish depend on them. Hence it is necessary to see that effluents must be properly treated and then only are discharged into inland water bodies so that plankton growth in water bodies is unaffected and to safe guard the human interest.
